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A comparative study on plant morphology, gas exchange parameters, and antioxidant
response of Ocimum basilicum L. and Origanum vulgare L.
grown on industrially polluted soil
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Abstract: The effects of Cd, Pb, and Zn uptake on plant morphology, photosynthetic parameters, antioxidant potential, and essential oil
yield and quality in Ocimum basilicum L. and Origanum vulgare L. plants were evaluated. The plants were grown as a pot experiment
in soil heavily polluted with Cd and Pb and on unpolluted soil. Both plants accumulated Cd, mainly in the roots, while Pb occurred
in the oregano shoots only. The leaf blade thickness of both plants increased when grown in polluted soil. Basil plants responded to
the action of heavy metals with increases in gas exchange, stomatal conductivity, and transpiration, but water-use efficiency declined.
Gas exchange and transpiration were reduced in treated oregano plants, but stomatal conductivity and water-use efficiency increased
significantly. In basil, the increased levels of low molecular weight antioxidants such as phenols and flavonoids were observed, while in
oregano, ascorbate, glutathione, and phenols were enhanced. Enzymatic antioxidant defense was observed in both plants when grown
in contaminated soil, mainly with glutathione peroxidase, quaiacol peroxidase, glutathione S-transferase, and glutathione reductase.
Accumulated levels of Cd, Pb, and Zn in plant organs resulted in a reduction in essential oil yield in basil only.
Key words: Ocimum basilicum L., Origanum vulgare L., heavy metals, gas exchange parameters antioxidants, essential oils

1. Introduction
Heavy metal contaminated soils due to industrial activities
are a major environmental problem that can reduce both
the productivity of plants and the safety of plant products.
Phytoremediation is a promising method in which plants
are used for removal of heavy metals from soil (Salt et al.,
1995). The success of phytoremediation depends on plant
growth rates and obtaining high metal concentrations
in plant shoots. Some plant species accumulate large
amounts of heavy metals in their shoots, and show great
potential for cleaning metal contaminated soils (Baker and
Brooks, 1989; Xiong, 1997). Some aromatic plants possess
significant phytoextraction potential, and metal content in
essential oils prepared from them is negligible. That is why
they could be grown as alternatives to edible crops in heavy
metal polluted agricultural soils (Zheljazkov et al., 2006).
* Correspondence: boykova2@yahoo.com

Environmental stresses, including heavy metal
pollution, increase reactive oxygen species (ROS)
production and oxidative stress in plants (Mittler, 2002;
Sharma et al., 2010). Plants develop various cellular
enzymatic and nonenzymatic antioxidative mechanisms
for detoxification of elevated ROS levels (Procházková
and Wilhelmová, 2010). Some plants increase antioxidant
activity through the generation of antioxidants. In these
plants, the stimulated generation of antioxidants signals
exposure to suboptimal conditions. Aromatic plants
are especially rich in phenolic antioxidant compounds;
their antioxidant activity is due to redox properties and
chemical structure, which can play an important role in
neutralizing ROS such as free radicals, singlet and triplet
oxygen, and peroxides (Zheng and Wang, 2001). Because
of the carcinogenic potential of synthetic antioxidants,
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natural phenolic antioxidants are being proposed as food
protectants and diet supplements (Shetty, 1997; Botsoglou
et al., 2002). Both basil (Ocimum basilicum L.) and oregano
(Origanum vulgare L.) belong to the family Lamiaceae. They
are very polymorphic species mainly occurring around
the Mediterranean Basin, but also found throughout most
of Europe and western and central Asia. The species are
considered good sources of natural phenolic antioxidants
(Skerget et al., 2005). The antioxidant activity in basil and
oregano is attributed both to their essential oils and soluble
phenolic fractions (Eguchi et al., 1996). The essential oils
are also known to have strong antiviral and antimicrobial
properties (Vokou et al., 1984; Chiang et al., 2005). On the
other hand, information about the heavy metal tolerance
of Ocimum basilicum L. is scarce. Oil content in basil was
lowered after Cd, Pb, and Cu treatment (Zheljazkov et al.,
2006). Nevertheless, basil can be grown in soils enriched
with Cd, Pb, and Cu without risk of metal transfer into the
oils, and without significant alteration of the composition
of these oils, which may impair marketability. There is no
information about the heavy metal tolerance of Origanim
vulgare L.
The aim of this study was to evaluate the differences in
growth and heavy metal (Pb, Cd, and Zn) accumulation
between Ocimum basilicum L. and Origanum vulgare L.
grown on unpolluted control and heavily polluted soils.
The effects of heavy metals on leaf anatomy, gas exchange
parameters, and possible antioxidative mechanisms that
could be operational in these plants were studied in order
to assess essential oil alteration.
2. Materials and methods
2.1. Plant material and sampling
Ocimum basilicum L. and Origanum vulgare L. plants were
started from seeds and grown under greenhouse conditions
with natural sunlight from April to July. The greenhouse
temperatures were from 15 °C to 30 °C; relative humidity
ranged from 40% to 65%. The plants were harvested
at the end of July at the flowering growth stage, when
the quality and quantity of the essential oils are usually
highest (Topalov, 1962). The plants were grown in 4-kg
plastic pots (8 plants per pot) in soil/sand substrate with
a ratio of 3:1 for both control and polluted soils. All pots
were adjusted daily to 60% water holding capacity. There
were 5 replicates of each treatment. Control unpolluted
leached cinnamonic forest soil (Chromic Luvisols, FAO)
possessed the following agrochemical characteristics: pH
(H2O) = 6.2, 8 mg kg–1 soil total mobile nitrogen (N-NO3–
+ N-NH4+), 30 mg kg–1 soil P2O5, 120 mg kg–1 soil K2O.
The following content of the studied heavy metals (µg g–1
DW) was measured: Cd = 0.25; Pb = 16.00; Zn = 46.03.
The polluted soil was taken from a field near the waste
depository of a ferrous metallurgical combine, and had the
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following agrochemical characteristics: pH (H2O) = 7.94,
10 mg kg–1 soil total mobile nitrogen (N-NO3– + N-NH4+),
36.8 mg kg–1 soil P2O5, 308 mg kg–1 soil K2O. The following
content of the studied HMs (µg g–1 DW) was measured:
Cd = 14; Cu = 27; Pb = 142; and Zn = 207. Because the
Bulgarian permissible limit concentrations (PLC) at
pH(H2O) = 7.94 are Cd < 3.0, Pb < 80, and Zn < 340 µg
g–1 DW, the soils were considered heavily polluted with Cd
and Pb (the content of Cd and Pb exceeded PLC by 4.6 and
1.8 times, respectively).
2.2. Fertilization
Two formulations of foliar fertilizers (Agroleaf, Scotts
Company, Wooster, OH, USA) were applied to both
treatments by spraying (0.5% solution): (1) Agroleaf total
- N:P:K = 20:20:20 + chelated microelements was applied
twice during the vegetative growth stage at 20-day intervals
until the seed formation phase; (2) Agroleaf with high P
- N:P:K = 12:52:5 + chelated microelements was applied
at the full-blossoming stage. Microelements in chelated
form were present in the following concentrations: 0.1%
Fe, 0.06% Mn, 0.06% Cu, 0.06% Zn, 0.02% B. Agroleaf was
applied by spraying at a rate of 0.5 g of product/m–2 (0.5%
solution, recommended by Scotts Company).
The following treatments were studied: 1. Foliar-fed
control plants grown on unpolluted soil (C); 2. Foliar-fed
plants grown on HM-polluted soil
2.3. Heavy metal analysis
The plant samples were digested in a solution containing
3:1 (v/v) HNO3:HClO4. The samples were heated at 200
°C to evaporate the samples to dryness. The residue was
taken up in 25 mL of 1 N HCl (Doumett et al., 2008).
Metal concentrations were determined on an inductively
coupled Plasma Mass Spectrometer (CCD Simultaneous
ICP OES, Varian, Austria).
2.4. Light microscopy
Samples from the central area of the leaf blade were taken
and fixed in 3% glutaraldehyde in 0.2 M phosphate buffer
(pH 7.2) and embedded in low-viscosity Spurr’s epoxy
resin. Semithin paradermal sections (ultramicrotome
Tesla, Czech Republic) were stained with 0.01% (w/v)
toluidine blue and observed under a light microscope
(Carl Zeiss, Jena, Germany). Microscopic images of the
cross sections of the leaf were captured and saved on
a digital image processor (International Micro-Vision
Inc., Redwood City, CA, USA). For statistical analysis,
leaf thickness was evaluated in cross sections obtained
from 4 leaves per treatment and was measured using
3D-DOCTOR software (Able Software Corp., Lexington,
MA, USA).
2.5. Gas exchange measurements
The measurements were conducted before the harvest
time; 3 to 5 fully developed attached leaves of plants
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for each treatment were measured and averaged. Net
photosynthetic rate (Pn, μmol CO2 m–2 s–1), transpiration
rate (Tr, mmol H2O m–2 s–1), and stomatal conductance
(Gs, mmol CO2 m–2 s–1) were measured simultaneously
with a Portable Photosynthesis System (LCpro+, ADC
BioScientific Ltd., Hoddesdon, Herts, UK) in the morning
under standardized conditions (air temperature of 25 °C,
humidity of 50% inside the gas exchange cuvette, 500
µmol m–2 s–1 PAR, and 350 µmol ambient concentration
of CO2). The following parameters were calculated: water
use efficiency (WUE), µmol CO2/mmol H2O = Pn/Tr (Nijs
et al., 1997); apparent light use efficiency (LUE) = Pn/PAR
(Long et al., 1993).
2.6. Enzyme and metabolite assays
2.6.1. Extraction procedures
An extraction procedure for the assays of PEPC and
NADP-ME was performed as in Kore-eda et al. (1996), and
for PPDK as in Suqiyama and Laetsch (1975). Preparation
of crude extracts for determination of enzymes of AGCglutathione peroxidase (GPX), glutathione S-transferase
(GST), and glutathione reductase (GR), as well as
guaiacol peroxidase (GPO), catalase, ascorbate peroxidase
(APX), monodehydroascorbate reductase (MDHAR),
dehydroascorbate reductase (DHAR), malondialdehyde
(MDA), hydrogen peroxide (H2O2) content, and low
molecular weight antioxidant metabolites was described
in our previous study (Stancheva et al., 2010). For
measurements of phenylalanine ammonia-lyase (PAL),
0.2 g of FW of the whole shoots was ground with 0.05 g
of PVP-40 in 4 mL of ice-cold buffer containing 100 mM
potassium phosphate (pH 7.2), 2 mM EDTA, and 4 mM
DTT. The suspensions were centrifuged (15,000 × g, 25
min, 4 °C).
2.6.2. Enzyme measurement
All enzymes were assayed spectrophotometrically. PEPC
(EC 4.1.1.31) and NADP-ME (EC 1.1.1.1.82) were
measured according to Chu et al. (1990); PPDK (EC
2.7.9.1) was measured according to Suqiyama and Laetsch
(1975). PAL (EC 4.3.1.24) was measured according to
Yuan et al. (2002). GPO (EC 1.11.1.7), CAT (EC 1.11.1.6),
GPX (EC 1.11.1.9), GST (EC 2.5.1.18), GR (EC 1.6.4.2),
APX (EC 1.11.1.11), MDHAR (EC 1.6.5.4.), and DHAR
(EC 1.8.5.1.) were measured as described in our previous
work (Stancheva et al., 2010). The protein content was
determined following Lowry et al. (1951). Chlorophyll
and carotenoid contents were determined by the method
of Lichtenthaler (1987).
2.6.3. Metabolite assays
The concentrations of reduced (GSH) and oxidized
(GSSG) glutathione, reduced form of ascorbic acid (ASC)
and dehydroascorbic acid (DHASC), malondialdehyde
(MDA), hydrogen peroxide (H2O2), phenols, and

flavonoids were estimated as shown in our previous study
(Stancheva et al., 2010).
2.7. Essential oil analyses
Plant samples were taken early in the morning by
randomized collection of 5 individuals per treatment.
The air-dried leaves of each treatment were subjected to
a micro steam distillation extraction for 2 h in a Lickens–
Nickerson apparatus with modification. The essential oil
compounds of the steam-distilled oil were determined by
GC and GC/MS analyses. GC analyses were carried out on
an HP 5890 gas chromatograph (FID), carrier gas nitrogen,
linear velocity 25 cm/s, fused silica capillary column HP
1.30 m × 0.25 mm, df = 0.25 µm. The injector and detector
temperatures were 260 °C; column temperature was
programmed from 50 °C–230 °C at a rate of 4 °C/min,
and 15 min at 260 °C. GC/MS analyses were performed
using an HP 6890 instrument. All the GC conditions and
the capillary column used were as described above, but
the carrier gas was He. The components were identified
by comparison of their mass spectra and retention indices
with appropriate standards.
2.8. Statistics
Data are expressed as means ± standard error, where n
varied between 3 and 10 depending on kind of analysis.
Comparison of means was performed using the Fisher
least significant difference (LSD) test at P ≤ 0.05 after
performing ANOVA. The statistical software package
StatGraphics Plus version 5.1 for Windows was used.
3. Results
There were no detectable levels of Cd, and the contents
of Pb and Zn were reduced in the soil after the harvest of
basil grown on contaminated soil compared to the initial
levels before planting (Table 1). Due to high levels of soil
pollution with Cd and Pb, those elements had accumulated
previously in the roots of the basil. In the shoots, Cd content
was not detectable and Pb content was about 3 times less
than in the roots (Table 1). Zn content was almost equal in
the roots and shoots both in the control and treated plants.
After the harvesting of the oregano plants, Cd, Pb,
and Zn had declined significantly both in the control
and polluted soils (Table 2). Small quantities of Cd were
detected in the treated oregano shoots and roots. The
Pb had accumulated previously in the shoots of polluted
plants. Accumulation of Zn was equal in the roots and
shoots of control plants, but remained higher in the roots
of treated plants (Table 2).
Accumulation of plant dry biomass (the roots and
shoots) increased only in oregano grown on heavily
polluted soils (Table 3). The total plant dry weight of the
polluted basil plants and shoot and root biomass did not
significantly change when compared to the unpolluted
control plants. For oregano, the total plant dry biomass
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Table 1. Content of heavy metals in control (C) and heavy metal polluted (HM) soils before planting and
after harvesting of Ocimum bacilum L., and metals accumulation in the roots and shoots.
Treatments

Soil
Before planting (C)
After harvesting (C)
LSD (P ≤ 0.05)
Before planting (HM)
After harvesting (HM)
LSD (P ≤ 0.05)
Plants
Control plants - shoots
Treated plants - shoots
LSD (P≤ 0.05)
Control plants - roots
Treated plants - roots
LSD (P ≤ 0.05)

Cd

Pb

Zn

µg g–1 DW

µg g–1 DW

µg g–1 DW

0.250 ± 0.026
n.d.*

16.000 ± 0.800b
9.000 ± 0.525a
1.534
142.000 ± 15.088b
74.500 ± 11.225a
30.146

46.030 ± 2.301b
37.320 ± 1.528a
4.428
207.000 ± 12.080b
143.150 ± 28.492a
49.835

2.800 ± 0.820a
2.400 ± 0.420a
1.477
n.d.
6.400 ± 0.680b

59.080 ± 1.180a
60.280 ± 1.438a
2.519
40.840 ± 1.048a
42.960 ± 1.038a
2.852

14.000 ± 0.852b
9.250 ± 0.451a
1.545
n.d.
n.d.
0.06 ± 0.002a
0.720 ± 0.082b
0.131

*n.d. - not detectable.
Values are means ± SE, n = 6; different letters indicate significant differences assessed by Fisher LSD test
(P ≤ 0.05) after performing ANOVA.
Table 2. Content of heavy metals in control (C) and heavy metal polluted (HM) soils before planting and
after harvesting of Origanum vulgare L., and metals accumulation in the roots and shoots.
Treatments

Soil
Before planting (C)
After harvesting (C)
LSD(P ≤ 0.05)
Before planting (HM)
After harvesting (HM)
LSD(P ≤ 0.05)
Plants
Control plants - shoots
Control plants - roots
LSD(P ≤ 0.05)
Treated plants - shoots
Treated plants - roots
LSD(P ≤ 0.05)

Cd

Pb

Zn

µg g–1 DW

µg g–1 DW

µg g–1 DW

0.250 ± 0.026a
n.d.
14.000 ± 0.451b
8.600 ± 0.255a
0.831

16.000 ± 0.800b
3.000 ± 0.226a
1.333
142.000 ± 15.088b
49.500 ± 1.475a
24.303

46.030 ± 2.301b
39.350 ± 1.298a
4.234
207.000 ± 12.080b
113.050 ± 15.683a
32.088

n.d.*
n.d.

n.d.
40.800 ± 0.420

0.080 ± 0.004a
0.680 ± 0.054b
0.087

5.200 ± 0.356a
10.400 ± 1.080b
1.823

35.160 ± 2.185a
32.200 ± 1.945a
4.689
37.840 ± 2.049a
68.880 ± 5.415b
9.281

*n.d.- not detectable.
Values are means ± SE, n = 6; different letters indicate significant differences assessed by Fisher LSD test
(P ≤ 0.05) after performing ANOVA.

of polluted plants was 122% more than for unpolluted
plants (an increase of 64% for shoots and 27% for roots).
That is why the ratio of shoot/root dry weight for oregano
was enhanced by 30%, while those values for basil were
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reduced by 12%. Plant height increased in both species
grown on industrially polluted soil. Leaf cross-sections for
light microscopy clearly showed significant differences in
leaf blade thickness between unpolluted control basil and
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Table 3. Biometrical data for Ocimum basilicum L. and Origanum vulgare L. plants grown in
control (C) and heavy metal polluted (HM) soils, measured at harvest.
Growth parameter

Control soil

Polluted soil

LSD(P ≤ 0.05)

Ocimum basilicum
Plant height (cm)

12.4 ± 0.9a

Plant dry weight (g)

15.6 ± 1.2b

2.40

0.571 ± 0.039

a

0.638 ± 0.054

0.094

Root dry weight (g)

0.086 ± 0.007

a

a

0.099 ± 0.008

0.017

Shoot dry weight (g)

0.399 ± 0.025a

0.403 ± 0.038a

0.073

Shoot/root dry weight

4.639

4.071

a

Origanum vulgare
Plant height (cm)

14.4 ± 1.2a

Plant dry weight (g)

19.2 ± 1.5b

3.08

0.782 ± 0.054

a

1.734 ± 0.154b

0.262

Root dry weight (g)

0.207 ± 0.019

a

b

0.263 ± 0.024

0.049

Shoot dry weight (g)

0.421 ± 0.039a

0.694 ± 0.053b

0.105

Shoot/root dry weigh

2.034

2.638

Values are means ± SE, n = 10; different letters indicate significant differences assessed by Fisher
LSD test (P ≤ 0.05) after performing ANOVA.

oregano plants and those grown on heavily polluted soils
(Figure 1). The leaf blades of basil (Table 4) and oregano
(Table 5) grown on the polluted soil were found to be
respectively 29% and 18% thicker than those of control
plants. The total surface area of palisade parenchyma
cells of both treated plants (basil and oregano) increased
respectively by 57% and 13% compared to that of control
plants, while intercellular spaces decreased slightly. Total
surface area of spongy parenchyma cells is similar for
basil and increased 59% for oregano, while intercellular
spaces increased. The heavy metal pollution resulted
in augmentation of upper and lower epidermis of basil
leaflets and in reduction in thickness of both epidermises
in oregano.
Gas exchange measurements showed that Pn, Gs, and
Tr were enhanced by 9%, 66%, and 30%, respectively,
while WUE decreased by 16% in basil plants grown on
heavily polluted soil (Table 6). The values of Pn and Tr were
reduced in oregano plants by 5.8% and 64%, respectively,
while WUE increased by 163%.
Heavy metal pollution resulted in a significant
increase of the chlorophyll a and b content and the ratio
of chlorophylls/carotenoids in the leaves of both plants in
comparison with control (Table 6). The carotenoid content
decreased in the leaves of basil, but increased in the
leaves of oregano. The ratio of chlorophyll a/chlorophyll b
decreased by 12% in the leaves of basil, whereas it increased
by the same degree (~13%) in the leaves of oregano.
The level of MDA (one of the major thiobarbituric acidreactive metabolites) and hydrogen peroxide increased in
the leaves of basil, but decreased in the leaves of oregano

grown in heavily polluted soil (Figure 2). The increased
accumulation of lipid peroxides is indicative of enhanced
production of toxic oxygen species. Soil contamination
led to a different mode of changes in the GSH, GSSG, AA,
and DHASC tissue pool. Levels of GSSG decreased and
DHASC increased in both polluted plants, while GSH and
AA content increased only in oregano. The activity of CAT
increased in the leaves of basil, but decreased in the leaves
of oregano in comparison with control (Figure 3), in order
to minimize an excessive content of H2O2.
Under the conditions of the present experiment,
enhancement induced by the heavy metal pollution in the
activities of the 3 antioxidant enzymes of the metabolism
of glutathione—GPX, GST, and GR, as well as GPO—
was observed (Figure 3). Comparison between the plant
species showed that the activities of GST, GR, and GPO
were better expressed in the basil than in the oregano
shoots, whereas GPX activity was observed to be higher
in the polluted oregano shoots. Reduction in the activities
of 3 enzymes of ascorbate metabolism—MDHAR, DHAR,
and APX—was established (Figure 3). MDHAR and
DHAR decreased in both polluted plant species, while
APX activity decreased in basil shoots. The reduced
ratios for glutathione/oxidized glutathione, ascorbate/
dehydroascorbate, and ascorbate/H2O2 increased in the
aboveground parts of treated oregano plants only, which
indicated that in oregano the functioning of the ascorbate–
glutathione cycle is effective (Table 7).
Elevated concentrations of heavy metals caused an
increase of the phenol content in the leaves of both plants
(Figure 4). An increased amount of flavonoid compounds
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Figure 1. Cross sections of leaves showing the anatomic features of Ocimum basilicum L. and Origanum vulgare L.
plants grown in control and heavy metal polluted soil (HM) (a - basil grown on control soil; b - basil grown on heavy
metal polluted soil; c - oregano grown on control soil; d - oregano grown on polluted soil).

was observed only in the leaves of basil. The nonoxidative
deamination of phenylalanine to cinnamic acid is catalyzed
by the enzyme PAL and leads to the biosynthesis of a large
range of phenyl– propanoid-derived secondary products,
such as flavonoid pigments, lignins, and UV protectants.
Our results showed that PAL activity did not change in the
leaves of basil, but declined in the leaves of oregano grown
in the heavily polluted soil (Figure 4).
As a result of heavy metal pollution, essential oil yield
decreased in basil plants, while in oregano no significant
changes were observed. Twenty-seven constituents (96.8%
of the total oil) were identified in the volatile oil of O.
basilicum control plants (Table 8). The main constituents
found in the oil were linalool > epi-α-cadinol > eugenol
> geraniol > thymol. Five compounds of basil essential oil
increased as a result of heavy metal pollution: 1,8-cineole,
linalool, estragol, bornylacetate, and α-bergamotene
(trans) (Table 8). Eleven compounds (β-pinene,
myrcene, trans-β-ocymene, δ-terpineol, β-caryophyllene,
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germacrene-D, γ-cadinene, spathulenol, T-cadinol, and
β-eudesmol) did not significantly change, and 10 other
10 compounds (sabinene, terpinene, geraniol, chavicol,
thymol, carvacol, eugenol, cubenol < 1,10-di-epi, epi-αcadinol, and α-bisabolol) decreased.
Twenty-nine constituents (90% of total oil) were
identified in the volatile oil of O. vulgare control plants. The
main compounds found in the oil were thymol > carvacol >
germacrene-D > β-caryophyllene > α-cadinol. In oregano
essential oil (Table 9), the content of 11 compounds
(α-pinene, β-pinene, myrcene, α-terpinene, p-cymene,
cis-ocymene, trans-ocymene, γ-terpinene, thymolmethylether, β-caryophyllene, and α-cadinol) increased.
Linalool, carvacrol-methylether, geraniol, α-humulene,
δ-cadinene, caryophylleneoxide, humuleneoxide, and
cubenol < 1,10-di-epi did not significantly change. The
most significant reduction was observed regarding the
content of thymol, carvacol, germacrene-D, γ-bisabolene,
and T-muurolol.
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Table 4. Leaf histological components (lamina cross-section) of Ocimum basilicum plants grown in control (C) and heavy metal polluted
(HM) soils.
Palisade
Spongy
parenchyma
parenchyma
intercellular
(µm2/µm)
spaces (µm2/µm)

Spongy
parenchyma
intercellular
spaces (µm2/µm)

Upper
epidermis
(µm2/µm)

Lower epidermis
(µm2/µm)

113.8 ± 8.0a

16.3 ± 3.0a

40.2 ± 3.0a

17.9 ± 1.5a

20 ± 2.0a

100.7 ± 7.0

114.1 ± 4.0

14 ± 1.5

67.5 ± 8.0

19.9 ± 3.0

29.2 ± 5.0b

16.96

14.34

5.38

13.70

5.38

8.63

Variants

Leaf
thickness
(µm)

Palisade
parenchyma
(µm2/µm)

Control soil

280.9 ± 15.0a 64.3 ± 3.0a

Polluted soil

363.8 ± 8.0

b

LSD (P≤ 0.05) 13.047

b

a

a

b

a

Values are means ± SE, n = 4; different letters indicate significant differences assessed by Fisher LSD test (P ≤ 0.05) after performing
ANOVA.
Table 5. Origanum vulgare leaf histological components (lamina cross-section) (n = 4 ± SE) for plants grown in control (C) and heavy
metal polluted (HM) soils.

Variants

Leaf
thickness
(µm)

Control soil

194 ± 4.0a

Polluted soil

230.1 ± 7.0

LSD (P≤ 0.05) 12.92

b

Palisade
parenchyma
(µm2/µm)

Spongy
parenchyma
(µm2/µm)

Spongy
Upper
Palisade parenchyma
parenchyma
epidermis
intercellular
intercellular
(µm2/µm)
spaces (µm2/µm)
spaces (µm2/µm)

Lower
epidermis
(µm2/µm)

64.2 ± 8.0a

54.1 ± 2.0a

4.64 ± 0.50b

36.8 ± 3.0a

15.7 ± 2.0a

9.28 ± 0.70a

72.8 ± 4.0

85.8 ± 5.0

3.76 ± 0.20

42.3 ± 1.5

14.3 ± 1.5

8.69 ± 0.40a

18.97

8.63

0.86

5.37

4.01

1.29

a

b

a

b

a

Values are means ± SE, n = 4; different letters indicate significant differences assessed by Fisher LSD test (P ≤ 0.05) after performing
ANOVA.

4. Discussion
The plant growth and distribution of heavy metals in
the plant organs define successful phytoextraction of the
pollutants from the plants. The quantities of the main
soil pollutants, Cd and Pb, accumulated mainly in the
roots of basil plants grown in heavily polluted soil, while
in the shoots the Cd and Pb contents are comparable in
polluted and unpolluted plants. Therefore, basil plants
could be successfully grown in soils polluted with Cd and
Pb without risk of metal transfer to the aboveground parts
used as an herb. Cd content also was not detected in the
shoots of oregano plants, whereas Pb had been previously
accumulated.
Heavy metal concentrations in plant tissues change
depending on their content in the environment (Xiong,
1998). As Markert (1994) suggested, the normal
compositions of Cd, Pb, and Zn in plants are 0.05, 1.0,
and 50.0 mg kg–1 dry weight, respectively. The interactive
effects of heavy metals in plants are complicated, not
only additive, antagonistic, or synergistic, but also related
to many factors including concentration combinations
of elements, plant species, and various parts of plants.
The effects of metals (especially Cd, Pb, and Cu) on the
structure and function of plants differ depending on

variations in heavy metal, soil concentration, form of metal
present, and plant species (Kim et al., 2003). The metals have
different mobility and they are transported from roots to
shoots in different manners. Cd and Zn are more mobile than
Cu and Pb (Greger, 2004). Zn is translocated extensively, as
it is essential to plant metalloenzymes (Delhaize et al., 1985;
Van Assche and Clijsters, 1990) and photosynthesis (Hsu and
Lee, 1988), while Pb and Cd are toxic to plants.
Plant height of both plants grown in heavily polluted
soils increased; the accumulation of biomass in the roots and
shoots was more remarkable in oregano, and shoot/root dry
weight ratio was enhanced for oregano plants only. Increased
shoot/root dry weight for oregano allowed for supposing
that this plant species could be more appropriate for
phytoremediation. Oregano plants exposed to heavy metal
pollution are less sensitive in dry biomass accumulation than
basil plants.
Cross-sections of leaf blades showed thicker leaves in
plants grown in heavily polluted soils due to increased total
surface area of the palisade and spongy parenchyma cells. The
changed chlorenchymatic biomass may affect the adaptive
mechanisms involved in photosynthetic and transpiration
rates as well as in storage of water in the leaf tissues of
Ocimum basilicum L. and Origanum vulgare L. plants.
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Table 6. Gas-exchange parameters and plastid pigment content
in leaves of Ocimum basilicum L. and Origanum vulgare L. plants
grown in control (C) and heavy metal polluted (HM) soils.
C

HM

LSD

Tr, mmol H2O m–2 s–1

0.220a

0.287b

0.029

Gs, mmol CO2 m s

0.006

b

0.010

0.008

Pn, µmol CO2 m–2 s–1

5.358a

5.857a

0.634

20.41

Ocimum basilicum
–2

–1

a

WUE, μmolCO2/mmol H2O

24.35

Chla, mg g DW–1

1.445a

2.510b

0.231

Chlb, mg g DW

0.830

b

1.654

0.148

Chla/Chlb

1.737

1.519

Carotenoids, mg g DW–1

0.829a

0.796a

0.092

Chl/carotenoids

2.752

3.405

–1

a

Origanum vulgare
Tr, mmol H2O m–2 s–1

0.743b

0.266a

0.248

Gs, mmol CO2 m s

0.026

0.009a

0.0022

Pn, µmol CO2 m s

5.464

a

5.147

0.601

WUE, μmolCO2/mmol H2O

7.35

19.34

Chla, mg g DW–1

1.095a

2.030a

1.002

Chlb, mg g DW–1

0.759a

1.295b

0.121

Chla/Chlb

1.397

1.584

–2

–2

–1

b

–1

a

a

b

Carotenoids, mg g DW

0.345

0.741b

Chl/carotenoids

5.326

5.725

–1

a

0.065

Data are presented as means of 3 replications. Different letters
indicate significant differences assessed by Fisher LSD test (P ≤
0.05) after performing one-way ANOVA.

Gas exchange measurements showed a more sensitive
site to the action of heavy metals. Declined WUE in basil
plants grown in heavily polluted soil is a result of slightly
enhanced photosynthesis, while Gs and transpiration rate
increased significantly. WUE rose significantly in oregano
plants on account of strongly reduced transpiration. The
higher WUE established in the polluted oregano plants
could have been due to the increased total surface area of
spongy parenchyma cells, spongy parenchyma intercellular
spaces, and to insignificant changes in the thickness of
both epidermises. This can be interpreted as an attempt
by the plants to improve their water regime. High Pb
concentrations in the leaves of contaminated oregano
plants might be due to disruption of plasma membranes
and consequent reduction of the soil/plant barrier
(Hall, 2002). In Zea mays L., simultaneous inhibition of
photosynthesis and transpiration by Cd (Carlson et al.,
1975) suggested that the primary effect was expressed
in the disturbance of the stomatal function. The main
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pollutants, Cd and Pb, significantly reduced transpiration
and stomatal conductance only in the polluted oregano
plants.
The presence of heavy metals in the soil had a
beneficial effect on chlorophyll a and chlorophyll b content
in the leaves of both contaminated plants. The carotenoid
content changed in different ways in both studied plants
exposed to the heavy metal pollution. Higher chlorophylls/
carotenoids ratios were established in the leaves of oregano
in both polluted and control plants. The studied plants
probably possess different modes of adaptation of the
photosynthetic apparatus to the action of heavy metals.
It is known that Cd (Baszynski et al., 1980) and Pb
(Humpp and Lendzian, 1974; Skorzynska-Polit and
Baszynski, 1997) decrease total chlorophyll content
and chlorophyll a/b ratio in higher plants. Generally,
carotenoids were less affected by heavy metals; this
resulted in a lower chlorophyll/carotenoid ratio for higher
plants (Baszynski et al., 1980). No changes in the pigment
concentration or ratio were observed in Zea mays L. leaves
after treatment with Zn (Cottenie et al., 1976).
The levels of antioxidant metabolites and enzymes
indicate the antioxidant potential of basil and oregano
plants. Toxic ROS can initiate an excess of hydrogen
peroxide and lipid peroxidation, and increased levels of
MDA as a result, in basil. Lowered levels of MDA and
hydrogen peroxide in the leaves of contaminated oregano
plants suggested that accumulated heavy metals content in
plant tissues is not sufficient to cause severe oxidative stress.
Similar results regarding lowered MDA and increased H2O2
indicating lowered oxidative damage to membranes have
been shown by Kavas et al. (2013). Antioxidant response
as a result of heavy metal contamination of oregano
plants is expressed in increases in GSH, ASC, and phenols
in the leaves. Higher accumulations of low molecular
weight antioxidants (GSH, phenols, and flavonoids) in
the aboveground parts of contaminated basil plants were
observed, too. Elevated levels of CAT in basil leaves are in
correspondence with excessive levels of H2O2. Antioxidant
capacity due to antioxidant enzymes such as GST, GR, and
GPO occurs in both plants but is better expressed in basil.
The activities of MDHAR, DHAR, and APH decreased in
both plants.
As Kingston-Smith et al. (1997) described, the relative
amounts of key component metabolites ascorbate and
H2O2 may be used in determining the effectiveness of
the ascorbate–glutathione cycle (AGC). Since ascorbate
is the primary antioxidant and H2O2 is the major stable
oxidant, the ratio of these redox components is indicative
of the redox balance within the tissue. The measured ratio
of ascorbate/H2O2 decreased by approximately 38% in
the leaves of basil and increased by 179% in the leaves of
oregano grown in heavily polluted soil, which indicated
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Figure 2. Content of malondialdehyde (MDA), hydrogen peroxide (H2O2), reduced (GSH) and oxidized (GSSG)
glutathione, ascorbate (ASC), and dehydroascorbate (DHASC), in the shoots of Ocimum basilicum L. grown in control (1)
and heavy metal polluted soil (2) and Origanum vulgare L. plants grown in control (3) and heavy metal polluted soil (4).
Values are means ± SE, n = 3; different letters indicate significant differences assessed by Fisher LSD test (P ≤ 0.05) after
performing ANOVA multifactor analysis.

that the cycle was not disordered by stress in the oregano
plant species.
According to Procházková and Wilhelmová (2010),
antioxidant systems can be divided into 2 categories:
one that reacts with ROS and keeps them at low levels
(peroxidases, SOD, and CAT), and one that regenerates
the oxidized antioxidants (APX and GR). In basil plants,
the first antioxidant system is more effective, while in
oregano the system that regenerates oxidized antioxidants
is more effective.
The calculated PAL is involved in the control of
phenolic metabolism and provides precursors for lignin
biosynthesis (Hahlbrock et al., 1989). It is known that PAL
activity is affected by age, light, phytochrome, wounding,
and infection (Camm and Towers, 1973). Our results
showed that PAL activity and total flavonoid content only
increased in the leaves of basil grown in heavily polluted
soils. Besides being radical scavengers, flavonoids are also
able to function as chelators for metals (Brown et al., 1998).
Growing basil in the contaminated soil resulted in
changes in the essential oil yield; no changes were observed

in oregano, but the quality of individual components was
affected. The main constituents in basil essential oil—
epi-α-cadinol, eugenol, geraniol, and thymol—decreased
remarkably as a result of heavy metal pollution, while only
linalool increased significantly.
The main constituents of essential oil in basil are
produced by 2 biochemical pathways: the phenylpropanoids
(methyl chavicol, eugenol, methyleugenol, methyl
cinnamate) by the shikimic acid pathway, and the terpenes
(linalool, geraniol) by the mevalonic acid pathway
(Lawrence, 1988).
From the compounds with relatively high content of
oregano essential oil, only β-caryophyllene and α-cadinol
increased due to heavy metal pollution.
The phenolic monoterpenes, thymol and carvacrol,
prevail in the essential oil in oregano and contribute to
its cellular antioxidant activity (Svoboda et al., 2006).
The content of these phenolic compounds significantly
decreased as a result of heavy metal pollution, but this did
not affect the total phenolic compounds in the leaves of
contaminated plants.
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Figure 3. Activity of catalase (CAT), glutathione peroxidase (GPX), glutathione S-transferase (GST), glutathione reductase
(GR), guaiacol peroxidase (GPO), monodehydroascorbate reductase (MDHAR), dehydroascorbate reductase (DHAR), and
ascorbate peroxidase (APX) in the shoots of Ocimum basilicum L. grown in control (1) and heavy metal polluted soil (2) and
Origanum vulgare L. plants grown in control (3) and heavy metal polluted soil (4). Values are means ± SE, n = 3; different letters
indicate significant differences assessed by Fisher LSD test (P ≤ 0.05) after performing ANOVA multifactor analysis.
Table 7. Ratios between some antioxidant forms in the leaves of Ocimum
bacilicum and Origanum vulgare grown in control (C) and heavy metal
(HM) polluted soils.
GSH/GSSH

ASC/DHASC ASC/H2O2

Control soil (C)

0.560

2.215

0.247

Polluted soil (HM)

0.467

0.649

0.151

Control soil (C)

1.454

1.729

0.361

Polluted soil (HM)

7.517

2.708

1.007

Ocimum basilicum

Origanum vulgare

Both phenylalanine and geranylgeraniol pyrophosphate
are precursors for the synthesis of secondary metabolites
and essential oils and are derived from basic metabolic
pathways; i.e. higher photosynthesis resulted in higher
production of photosynthates and higher accumulation of
secondary metabolites (Wink, 1999).
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In conclusion, both plants were characterized by a high
accumulation of Cd occurring solely in the roots, while in
the shoots Cd quantities were not detectable. Only Pb was
detected in the aboveground parts of oregano. Therefore,
the absence of heavy-metal accumulation in the shoots as
well in the leaves of basil would not be dangerous for human
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1.0
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0.6
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eugenol

10.5

5.6

53

17

Me-eugenol
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53
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0.6

0.6

0
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α-bergamotene (trans) 0.2

0.7

350

20

germacrene-D

0.7

1.6

228

21

γ-cadinene

2.4

2.6

108

22

spathulenol

1.1

0.9

82

23

cubenol <1,10-di-epi> 1.7

1.4

82

24

epi-α-cadinol

20.4

13.5

66

25

T-cadinol

0.9

0.6

67

26

β-eudesmol

1.1

0.8

73

27

α-bisabolol

1.6

1.1

69

Total

96.8

91.1

94

a

200

20

Table 8. Essential oil composition in leaves of Ocimum basilicum
L. grown in control (C) and heavy metal polluted (HM) soils.
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a
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Figure 4. Content of phenols and flavonoids, and phenylalanine
ammonia-lyase (PAL) activity, in the shoots of Ocimum basilicum
L. grown in control (1) and heavy metal polluted soil (2) and
Origanum vulgare L. plants grown in control (3) and heavy metal
polluted soil (4). Values are means ± SE, n = 3; different letters
indicate significant differences assessed by Fisher LSD test (P ≤
0.05) after performing ANOVA multifactor analysis.

consumption. Significant increase of oregano aboveground
parts and ratio of shoot/root dry weight respectively as a
result of heavy metal stress suggests that this species could
be successfully used for phytoremediation of polluted soil.
The reduced ratios of glutathione/oxidized glutathione,
ascorbate/dehydroascorbate,
and
ascorbate/H2O2
increased in the aboveground parts of treated oregano
plants only, which suggests that the ascorbate–glutathione
cycle works effectively. Despite a slight decrease in
net photosynthesis, polluted oregano plants possessed
favorable water-use efficiency and accumulated more Pb
and Zn in aboveground parts without a change in the
essential oil yield.
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Table 9. Essential oil composition in leaves of Origanum vulgare L. plants grown in
control (C) and heavy metal polluted (HM) soils.

1

Compounds

C (%)

P (%)

% towards C

α-pinene

0.8

2.0

250

2

β-pinene

1.1

1.7

155

3

Myrcene

0.6

1.1

183

4

α-terpinene

0.6

0.9

150

5

p-cymeme

1.8

4.3

239

6

cis-ocimene

2.0

4.7

235

7

trans-ocimene

0.6

1.3

217

8

γ-terpinene

3.3

8.1

245

9

Linalool

1.9

1.8

95

10

thymol-Me-ether

0.8

1.1

138

11

carvacrol-Me-ether

0.9

1.0

111

12

Geraniol

1.2

1.3

108

13

Thymol

23.9

16.3

68

14

Carvacrol

13.1

9.9

76

15

β-bourbonene

1.4

0.9

64

17

β-caryophyllene

6.1

7.2

118

18

α-humulene

1.1

1.3

118

19

Germacrene D

8.4

5.7

68

20

bicyclogermacrene

1.2

0.9

75

21

β-bisabolene

2.1

1.9

90

22

δ-cadinene

1.2

1.0

83

23

γ-bisabolene

0.8

0.5

63

24

Spathulenol

2.8

2.0

71

25

caryophylleneoxide

3.0

3.3

110

26

humuleneoxide

0.8

0.7

88

27

cubenol <1,10-di-epi>

1.3

1.1

85

28

a-cadinol

3.9

5.2

133

T-muurolol

1.8

1.1

61

Total

90.0

89.1

99

29
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